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In t roduct ion  

For many y e a r s  t h e  CSIRO has  been involved i n  s t u d i e s  on t h e  combustion 
k i n e t i c s  of c o a l  chars  and r e l a t e d  m a t e r i a l s .  Ear ly  work inc luded  s t u d i e s  on a char  
produced from a V i c t o r i a n  brown c o a l  (1). More r e c e n t l y ,  t h e  combustion k i n e t i c s  of 
c h a r s  produced dur ing  t h e  f l a s h  p y r o l y s i s  of sub-bituminous c o a l s  have been 
determined (2,3). 

I 
In t h i s  paper d a t a  are g iven  f o r  t h e  combustion r e a c t i v i t i e s  of f o u r  f l a s h  

pyro lys i s  chars .  Thei r  r e a c t i v i t i e s  are compared wi th  t h e  r e s u l t s  f o r  chars  
produced from low and high rank c o a l s ,  and petroleum coke. R e a c t i v i t y  is expressed 
as t h e  r a t e  of combustion of carbon p e r  u n i t  e x t e r n a l  s u r f a c e  a r e a  of t h e  p a r t i c l e ,  
wi th  due c o r r e c t i o n  being made f o r  t h e  e f f e c t  of t h e  mass t r a n s f e r  of oxygen t o  the 
p a r t i c l e .  

Experiment and Theory 

D e t a i l s  of t h e  method of producing t h e  f l a s h  p y r o l y s i s  chars  are a v a i l a b l e  
e lsewhere (4), as is informat ion  on t h e  procedure f o r  measuring t h e i r  combustion 
r a t e s  (2 ,3 ,5 ) .  In b r i e f ,  pu lver ized  Millmerran and Wandoan c o a l s  (Queensland, 
A u s t r a l i a )  were f l a s h  pyrolysed a t  var ious  temperatures  between 500 and 800'C. The 
r e s u l t i n g  c h a r s  were screened t o  y i e l d  a s i z e  f r a c t i o n  having a median mass s i z e  
around 80 mu. The p r o p e r t i e s  of  t h e  c h a r s  are presented  i n  Table 1. 

TABLE 1 P r o p e r t i e s  of  t h e  Chars 

M i  l l m e  r ran  Wandoan 

P y r o l y s i s  temperature ,  'C 540 585 610 780 800 550 
Median mass s i z e ,  wn 85 76 90 70 88 76 
Size  below which 90% 

of m a t e r i a l  l ies,  um 100 95 118 92 98 96 
Size below which 10% 

of m a t e r i a l  l i es ,  um 66 52 61 47 74 49 
P a r t i c l e  d e n s i t y ,  g/cm3 0.88 0.80 0.78 0.99 0.78 1.05 
Chemical a n a l y s i s ,  X w/w ( a s  rece ived)  

Moisture 2.7 2.2 3.3 2.5 4.7 2.9 
Ash 28.0 30.4 35.6 60.1 38.2 22.1 

C 56.6 55.3 50.7 31.3 50.3 60.3 
n 3.8 2.8 2.7 1.1 1.3 3.3 
N + S + O  8.9 9.3 7.7 5.0 5.5 11.4 

Elemental composi t ion 

Rate measurements 
suspensions of p a r t i c l e s  
gas composition and gas  
burned per u n i t  e x t e r n a l  

were c a r r i e d  o u t ,  u s i n g  an entrainment  r e a c t o r ,  on flowing 
i n  prehea ted  oxygenl l ' i t rogen.  From progress ive  changes i n  

and w a l l  t empera tures  a long  t h e  r e a c t o r ,  t h e  rate of carbon 
area of  p a r t i c l e  ( P )  was c a l c u l a t e d .  

From P ,  t h e  chemical r a t e  c o e f f i c i e n t ,  Rc, was eva lua ted  (6): 

IJ = Rc [P, (1 - XI]" g/cm2s (1) 
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where p i s  t h e  p a r t i a l  p r e s s u r e  of oxygen i n  t h e  bulk g a s ,  n i s  t h e  o r d e r  of  
r e a c t i d  i n  r e l a t i o n  t o  p and A is  t h e  r a t i o  of  P t o  t h e  maximum p o s s i b l e  (i.e. 
mass t r a n s f e r  l i m i t e d )  b u r i i n g  ra te  c a l c u l a t e d  from known p h y s i c a l  p r o p e r t i e s  (6 ,7) .  

mi s TP - Rc, a s  w i l l  be shown, i s  s t r o n g l y  dependent on p a r t i c l e  tempera ture ,  
temperature  i s  c a l c u l a t e d  from a h e a t  ba lance  over  t h e  burning p a r t i c l e  ( 6 ) .  

Resul t s  and Discussion 

I 

Combustion r a t e  d a t a  f o r  Millmerran and Wandoan c h a r s  a r e  shown i n  Arrhenius 
form i n  Fig. 1. Data f o r  Millmerran c h a r s  produced a t  585 and 610°C were combined 
i n t o  a s i n g l e  se t ,  as were t h e  d a t a  f o r  t h e  c h a r s  produced a t  780 and 800'C. Rate 
d a t a  f o r  o t h e r  c h a r s  (der ived from low and h igh  rank c o a l s )  and a l s o  f o r  petroleum 
coke a r e  a l s o  included i n  Fig. 1. To permit  t h e  comparison of r e s u l t s  f o r  d i f f e r e n t  
mater ia l s  e x h i b i t i n g  d i f f e r e n t  va lues  of n ,  t h e  r a t e  d a t a  were c a l c u l a t e d  from t h e  
r e l a t i o n :  

Pc = Rc pgn g/crnZs 

where p i s  taken as 1 a t m .  Values of t h e  Arrhenius parameters ,  A (pre-exponent ia l  
f a c t o r ) g a n d  E ( a c t i v a t i o n  e n e r g y ) ,  t o g e t h e r  wi th  t h e  magnitude of n f o r  each 
m a t e r i a l  r e f e r r e d  t o  i n  Fig. 1 are l i s t e d  i n  Table 2. 

TABLE 2 Kine t ic  Data f o r  t h e  Combustion of Chars and Coke 

\ Mater ia l  A E n Reference 
g / k m 2 s  (atm 021nJ kcal lmol  

Millmerran char  (54OOC) 
Millmerran char  (585 and 610'C) 

Wandoan char  (550'C) 
Yallourn brown c o a l  char  
New Zealand bituminous c o a l  char  
Anthrac i tes  and semi-anthrac i tes  

I Millmerran char  (780 and 800°C) 

, 

I Petroleum coke 

15.6 
22.3 
73.3 
39.1 

9.3 
8 

20.4 
7.0 

17.5 
18.8 
21.7 
18.3 
16.2  
16.0 
19.0 
19.7 

0.5 2 
0.5 3 
0.5 3 
0.5 3 
0.5 1 
1.0 7 
1.0 8 
0.5 5 

The d a t a  e x h i b i t  s e v e r a l  n o t a b l e  f e a t u r e s :  

(1) The combustion rates of a l l  t h e  m a t e r i a l s  show a s t r o n g  dependence on 
temperature ,  t h e  va lues  of t h e  a c t i v a t i o n  e n e r g i e s  ranging from 16.0 t o  21.7 
kcallmol. 

(2)  The a c t i v a t i o n  energy i n c r e a s e s  and t h e  r e a c t i v i t y  of Millmerran c h a r s  
decreases  with i n c r e a s i n g  p y r o l y s i s  temperature .  

(3) The most r e a c t i v e  char  is t h a t  produced from Wandoan c o a l  a t  55OOC. This 
m a t e r i a l  i s  about twice a s  r e a c t i v e  a s  c h a r s  produced from o t h e r  low rank  c o a l s  
(Millmerran and Yallourn) and high rank c o a l s  (New Zealand bi tuminous,  a n t h r a c i t e s  
and semi-anthrac i tes ) ,  and about t e n  times a s  r e a c t i v e  as petroleum coke. 

(4)  The low rank c o a l  c h a r s  and petroleum coke show a n  o r d e r  of r e a c t i o n  of 0.5. 
Earlier de termina t ions  on c h a r s  from high rank c o a l s  i n d i c a t e  a va lue  of  un i ty .  
However, a r e a n a l y s i s  (5)  of an e a r l i e r  set of d a t a  (9)  showed, i n  t h e  case 
cons idered ,  l i t t l e  t o  choose between n e q u a l  t o  0.5 o r  1.0. 
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The values  of t h e  a c t i v a t i o n  energy f o r  t h e  Millmerran and Wandoan chars  
( -  20 kcal /mol) ,  t o g e t h e r  wi th  those  of t h e  o t h e r  m a t e r i a l s  l i s t e d  i n  Table 2 ,  imply 
r e a c t i o n s  under c i rcumstances where pore d i f f u s i o n  a s  w e l l  a s  chemical r e a c t i o n  
e x e r c i s e s  s t rong  r a t e  c o n t r o l ,  i.e. regime I1 (10) condi t ions  apply.  Confirmatory 
evidence t h a t  these  m a t e r i a l s  are indeed burning under regime 11 condi t ions  i s  
provided by t h e  s teady  decrease  in p a r t i c l e  s i z e  and s l i g h t  reduct ion  i n  t h e  
p a r t i c l e  d e n s i t y  of the  p a r t i c l e s  as they burn away ( 6 ) .  This  behaviour i s  
i l l u s t r a t e d  i n  Fig. 2 by t h e  d a t a  on  t h e  lowest  temperature  c h a r s  produced from 
Millmerran and Wandoan coal .  Also shown a r e  some t h e o r e t i c a l  curves  i n d i c a t i n g  t h e  
changes i n  p a r t i c l e  s i z e  and d e n s i t y  t o  be expected f o r  combustion a t  c o n s t a n t  
p a r t i c l e  d e n s i t y  o r  a t  cons tan t  p a r t i c l e  s i z e  (6) .  

Conclusions 

It has been shown t h a t  t h e  r e a c t i v i t i e s  t o  oxygen of chars  produced from 
Millmerran sub-bituminous c o a l  decrease  wi th  i n c r e a s i n g  p y r o l y s i s  temperature  but  
a r e  s i m i l a r  i n  magnitude t o  t h e  r e a c t i v i t i e s  of chars  der ived  from a brown and a 
bituminous c o a l  and t o  t h e  r e a c t i v i t i e s  of a n t h r a c i t e s  and semi-anthrac i tes .  
However, Wandoan c h a r ,  a l s o  of sub-bituminous o r i g i n ,  e x h i b i t s  about  twice the  
r e a c t i v i t y  of Millmerran char  and about  ten  times t h e  r e a c t i v i t y  of petroleum 
coke. On the  b a s i s  of  observed a c t i v a t i o n  energy v a l u e s ,  p a r t i c l e  s i z e  and p a r t i c l e  
d e n s i t y  behaviour i t  is concluded t h a t  t h e  combustion rates of Millmerran and 
Wandoan chars  are c o n t r o l l e d  by t h e  combined e f f e c t s  of pore d i f f u s i o n  and chemical 
r e a c t i o n .  
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Figure 1 Combustion r a t e  d a t a  f o r  chars and coke 
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Figure 2 Burning behaviour o f  Elillmerran and Wandoan c h a r s  (--- t h e o r e t i c a l  l i n e s  
f o r  p a r t i c l e s  burning w i t h  constant  d e n s i t y ,  - t h e o r e t i c a l  l i n e s  f o r  
p a r t i c l e s  burning with  constant  s i z e )  
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